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(57) A photopolymerization initiator for producing a 
color filter including a sensitizer (A) which absorbs light 
having a wavelength of 300 to 500 nm, an organic boron 
complex (B), and a thiol-group-containing compound 
(C); a photosensitive coloring composition including a 
transparent polymer (D) which is soluble to a solvent or 



an aqueous alkaline solution, a compound having eth- 
ylene unsaturated bonds (E), a pigment (F), and the 
photopolymerization initiator; a color filter having a pixel 
formed by use of the coloring composition on a trans- 
parent substrate; and a method for producing the color 
filter. 



CM 
< 

m 

CO 



LU 

Printed by Jouve. 75001 PARIS (FR) 

BNSDOCID: <EP 1031579A2_I_> 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



EP 1 031 579 A2 
Description 

FIELD OF THE INVENTION 



55 



BACKGROUND OF THE INVENTION 

[0005] In this connection, Japanese Unexamined Patent Application, First Publication No 6-201913 diarm^c e 
Mi^e^on^n?ii2SiT ph ° t0p ° lymeri2ation init «tor comprising a polyfunctions, thiol compound and at 

mmmssm 

SUMMARY OF THE INVENTION 
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[0007] In view of the foregoing, an object of the present invention is to provide a high-sensitivity photopolymerization 
initiator for producing a color filter. 

[0008] Another object of the present invention is to provide a photosensitive coloring composition containina the 
initiator. y 

5 [0009] Another object of the present invention is to provide a color filter exhibiting excellent resistance to a variety 
of phenomena. 

[0010] Another object of the present invention is to provide a method for producing the color filter. 
[001 1] Accordingly, the present invention provides a photopolymerization initiator for producing a color filter compris- 
ing a sensitizer (A) which absorbs light having a wavelength of 300 to 500 nm; an organic boron complex (B) represented 
io by formula (1): 



R 2 

is RJ B— R3 Z + (1) 

R4 

wherein each of R\ R 2 ro and R 4 represents an alkyl group, an aryl group, an aralkyl group, an alkenyl group, a 
helerocyclic group, or an alicyclic group; andZ+ represents an ammonium cation, a sulfonium cation, an oxosulfonium 
cation, a pyridinium cation, a phosphonium cation, an oxonium cation, or an iodonium cation; and a thiol -group-con- 
taining compound (C). 

[0012] Preferably, the thiol-group-containing compound (C) is at least one species selected from 2-mercaptobenzo- 
thiazole. trimethylolpropane tris(2-mercaptoacetate), trimethylolpropane tris(3-mercaptopropionate), pentaerythritol 
tetrakis(2-mcrcaptoacetate), and pentaerythritol tetrakis(3-mercaptopropionate). 
[001 3] Preferably, the sensitizer (A) contains a benzophenone compound and/or a biimidazole compound. 
[0014] The present invention also provides a photosensitive coloring composition for producing a color filter, which 
comprises a transparent polymer (D) soluble in a solvent or an aqueous alkaline solution, a compound having an 
ethylenic unsaturated bond (E), a pigment (F), and the above-described photopolymerization initiator. 
30 [0015] The present invention also provides a color filter having pixels formed on a transparent substrate by use of 
the photosensitive coloring composition. 

[0016] The present invention also provides a method for producing a color filter comprising forming a layer of the 
photosensitive coloring composition on a transparent substrate and photocuring exposed portions of the layer of the 
composition through exposure. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0017] The present invention will next be described in more detail. When R 1 , R 2 , R 3 and R 4 in formula (1) represent 
alkyl groups, and the alkyl groups may have substituents. Specifically, a C r C 12 linear or branched alkyl group which 
may have a substituent is preferred. Examples of suitable alkyl groups include a methyl group, an ethyl group, an n- 
propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, an n-pentyl 
group, an n-hexyl group, an n-octyl group, a dodecyl group, a cyanomethyl group, a 4-chlorobutyl group, a 2-diethyl- 
aminoethyl group, and a 2-methoxyethyl group. 

[0018] When R 1 , R 2 , R 3 : and R 4 in formula (1) represent aryl groups, the aryl groups may have substituents. Spe- 
cifically, the groups are aryl groups which may be substituted. Examples of suitable aryl groups include a phenyl group, 
a tolyl group, a xylyl group, a mesityl group, a 4-methoxyphenyl group, a 2-methoxyphenyl group, a 4-n-butylphenyl 
group, a 4-tert-butylphenyl group, a naphthyl group, a 4-methylnaphthyl group, a 4-ethylnaphthyl group, an anthryl 
group, a phenanthryl group, a 4-nitrophenyl group, a 4-trifluoromethylphenyl group, a 4-fluorophenyl group, a 4-chlo- 
rophenyl group, and a 4-dimethylaminophenyl group. 

[0019] When R 1 , R 2 , R 3 , and R 4 in formula (1) represent aralkyl groups, the aralkyl groups may have substituents. 
Specifically, the groups are aralkyl groups which may be substituted. Examples of suitable aralkyl groups include a 
benzyl group, a phenethyl group, a 1 -naphthylmethyl group, a 2-naphthylmethyl group, and a 4-methoxybenzyl group. 
[0020] When Ri , R 2 R 3 and R 4 in formula (1 ) represent alkenyl groups, the alkenyl groups may have substituents. 
Specifically, the groups are alkenyl groups which may be substituted. Examples of suitable alkenyl groups include a 
vinyl group, a propenyl group, a butenyl group, and an octenyl group. 

[0021] When R\ R 2 R 3 , and Ft 4 in formula (1) represent heterocyclic groups, the heterocyclic groups may have 
substituents. Specifically, the groups are heterocyclic groups which may be substituted. Examples of such heterocyclic 
groups include a pyridyl group, a 4-methylpyridyl group, a quinolyl group, and an indolyl group. 
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[0022] When R'. R* R3, and R» j n formula (1 ) represent alicyclic groups, the alicyclic groups may have substituents 
Special y. the groups are alicyclic groups which may be substituted. Examp.es of such a.icyclCgmups inc^de a 
VcZSTtr^ 3 4 - meth V lc y clohex y' 9™P. a cyclopenty. group, and a cycloheptyl group 8 P 

r? Gn iV n mU ' a <1 } represen,s an ammonium cation, examples thereof include a tetramethylammonium 
cation, a te.raethy (ammonium cation, a tetra-n-propylammonium cation, a tetra-n-butylammonium catfon a ™ TbutvT 
r^henylammonium cation, a tetrapheny.ammonium cation, and a benzy.tripheny.ammonium catl * 

SSS tn.rr« ' n 7 ° ) w represents a sulfonium cation ' samples thereof include a triphenylsulfonium cation 
a tr.(4-tolyl)suffon.um cation, and a 4-tert-butylphenyldiphenylsulfonium cation 

SS? a HH?? f V" form f ula (1 > re P re ^nts an oxosuffonium cation, examples thereof include a triphenyloxosulfonium 
2 3 ^ 4 -'o'y')oxosu.fon IU m cation, and a 4-ten-butylphenyldiphenyloxosuffonium cation. V^osulfomum 

?W. .T en ' n 3 0) represen,s an oxoniu ^ cation, examples thereof include a triphenyloxonium cation 
a tr.(4-tolyl)oxon.um cation, and a 4-tert-butyl P henyldiphenyloxonium cation eny.oxon.um cation. 

SSL^"! f ^ ^ rmU ' a 0 > represents a Phosphonium cation, examples thereof include a tetramethylphospho- 
rdTb^m^ 

[0030] Examples of organic boron complexes represented by formula (1) include tetramethylammonium n-butvlt- 
ripheny.borate. tetraethy.ammonium isobutyltripheny.borate, tetra-n-butylammonium methyltriphe™o ate t2ra-n- 
butylammon,um n-butyltriphenylborate. tetra-n-butylammonium n-octyl-triphenylborate tetra rn-bS^m Jium n 

thJhin T , * U *'; an ™ on,um n-butyltri(4-methy.naphthyl)borate, tctra-n-butylammonium n^tyltri(4-meth^naph 
nium n h T ; n ?^» u,,on ' u '" n-butyftriphenylborate, tripheny.su.fonium n-buty.trinaphthy.borate, trJhenSoZK- 
"I £ '7 henV ' b ° rat f' tf 'P he "Vloxosulfonium n-butyltrinaphthylborate. triphenyloxonium n-buty friphenyZa e 
SSSS^S" ltnPheny,b0ra,e ' ^-y'Phosphonium n-buty.tripheny,borate, and diphenj.iod^um J 

LTJlL'th of"™ " T aniC S' 0 " COmP,SX represen,ed b V formula 0> absorbs substantially no light having a 
wavelength of 300 nm or longer Thus, when the complex is used alone, it is not sensitive to light from a typical UV 
2,rrr ,he comb ™ x ™ ° f the ^plex and a sensitizer has remarkably high sensitivity ^ 

S bas^d on reTol Ven, HH ^ °Tf ^ C ° mP ' eX (B) * inc ° r P° rated M*«-y in an amount of 1 to 60 % by 
weight based on the compound having ethylemc unsaturated bonds, preferably 5 to 30 % by weight When the amount 

1 or. 93 T ° n C T P ' eX (B) iS insufficient ' Polymerization proceeds insufficiently, whereat ^ when the amount o 

r^di^ruV 

S^mhI a EXa ? P ' e f ° f Sensitizer (A > wnicn absorbs "ant having a wavelength of 300 to 500 nm used in the invention 

P 0l r enZat, ° n ,nitia, ° r ' 3 Sensiti2er ' and a d * e absorbi "9 lj 9ht having a wavelength in he range Ex 

bZdaToi S6nS Cati ° niC dy6S: benz °P ha "°nes; acetophenones; benzoins; thioxanthones imidazo.es 

nZnhf ' H Uma T; ket ^ OUmarinS:,riphenylpy ^ lium InaddTtion acv.: 

phosphme ox.de, methyl phenyl glyoxylate, an a-acyloxhne ester, benzil, camphorquinone and e^tenth aauinonl 

S SD ?r P,0yed y hSS ? COmP ° UndS ^ be US6d al ° ne ° r as a — b -ation of two or more InereoT 

i «1 « ^° examples ot the sensitizers include cationic dyes such as Basic Yellow 1, 11, 13. 21 28 29 36 51 
none 4 52 h™ 9 * f and 22 ' ben20phenone ' 4-methylbenzophenone, 4-f.uorobenzophenone. ^SSiS 
oen^o T Z ° Ph ?T 4,4'-bis(dimem;"amino) 

2 hvdroxvT^^ 4-dimethy.aminoacetophenone. 4-diethy.aminLceto7nenone 
da^22^S 2-me,hyl,hioxan,hone. N-methylimidazole, N-phenylimi^ 
r h * b 8 j 2 f htoro P he "y«H.'* -5.5 '-tetraphenyl-1 ,2'-biimidazole (hereinafter referred to as HABI) 2 2'-bis(2-chlo- 
rophenyl)-4,4^,5--tetra(ethoxyphenyl)-l,2--biimidazole, 2,2'-bis<2-chlorophenyl)-4.<5,5Met ra (4-b^^^^^ 

b r : \ 2,2 t (2 ' 4 ^^ 

(3-me«hoxypheny.)-l.2--biimidazo.e. 2,2--bis(2-methylpheny.)-4,4-,5,5Me,raphenyM Aiimidazole colarirf T-d" 
oZdT'rr°r ann H e ! y ' 4 - dimeth Vlaminobenzoate, N-methy,ma.eimide, and N-phenylma.eim ide. These com- 
pounds may be used alone or as a combination of two or more thereof. Considering stability of the initiator and a 

a,e ~ a,iCT1 ' benzophenone ™ ben2ofc acids and b «^ — 

f™l Th^ ^T"' inVention ' *° ^nsitizer (A) which absorbs light having a wavelength of 300 to 500 nm is 
incorporated typ.calty ln an amount o( , lo 60 M based Qn ^ compound havjng ™* 
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preferably 2 to 30 wt.%. When the amount of the sensitizer (A) is insufficient, the sensitizing effect may not be obtained, 
whereas when the amount of the sensitizer (A) is excessive, the sensitizer (A) absorbs light and thus light transmittance 
efficiency may become poor, and polymerization initiation efficiency may decrease, which is unsatisfactory. 
[0036] The thiol-group-containing compound (C) used in the present invention is a thiol-group-containing compound 
in the molecule. Examples of suitable thiol compounds include 2-mercaptobenzothiazole, 2-mercaptobenzimidazole, 
2-mercaptobenzoxazole, 5-chloro-2-mercaptobenzothiazole, 2-mercapto-5-methoxybenzothiazole, 5-methyl- 
1 ,3,4-thiadiazole-2-thiol, 5-mercapto-1 -methyltetrazole, 3-mercapto-4-methyl-4H-1 ,2,4-triazole, 2-mercapto-1 -methyl- 
imidazole, 2-mercaptothiazoline, octanethiol, hexanedithiol, decanedithiol, 1 ,4-dimethylmercaptobenzene, butanediol 
bis(2-mercaptoacetate), butanediol bis(3-mercaptopropionate), ethylene glycol bis(2-mercaptoacetate), ethylene gly- 
col bis(3-mercaptopropionate), trimethylolpropane tris(2-mercaptoacetate), trimethylolpropane tris(3-mercaptopropi- 
onate), pentaerythritol tetrakis(2-mercaptoacetate) : pentaerythritol tetrakis(3-mercaptopropionate), and trishydroxye- 
thyl tris(3-mercaptopropionate). In considering polymerization initiation ability, particularly, 2-mercaptobenzothiazole, 
2-mercaptobenzimidazole, 2-mercaptobenzoxazole, trimethylolpropane tris(2-mercaptoacetate). trimethylolpropane 
tris(3-mercaptopropionate), pentaerythritol tetrakis(2-mercaptoacetate), and pentaerythritol tetrakis(3-mercaptopropi- 
onate) are preferred. These compounds having a thiol group may be used alone or as a combination of two or more 
thereof. 

[0037] In the present invention, the thiol-group-containing compound (C) is incorporated typically in an amount of 1 
to 60 wt % based on the compound having ethylenic unsaturated bonds, preferably 5 to 30 wt.%. When the amount 
of the thiol-group-containing compound (C) is insufficient, polymerization may not be effectively initiated, whereas when 
the amount of the thiol-group-containing compound (C) is excessive, the initiation performance may not increase and 
the addition disadvantageous^ affects the properties of the cured product. 

[0038] In the present invention, the combination of the sensitizer (A) which absorbs light having a wavelength of 300 
to 500 nm, the organic boron complex (B) represented by formula (1), and the thiol-group-containing compound (C) 
enhances polymerization performance. 

[0039] In the above combination, preferably, the organic boron complex (B) is used in an amount from 5 to 500% by 
weight, based on the sensitizer (A) and the thiol-group-containing compound (C) is used in an amount from 1 0 to 500% 
by weight, based on the organic boron complex (B). Furthermore, more preferably, the organic boron complex (B) is 
used from 20 to 300% by weight, based on the sensitizer (A) and the thiol-group-containing compound (C) is used 
from 50 to 200% by weight, based on the organic boron complex (B). When the amount of the organic boron complex 
(B) is insufficient, the curing of the composition is insufficient, whereas when the amount of the organic boron complex 
(B) is excessive, the storing stability of the compound may decrease. Furthermore, when the amount of the thiol-group- 
containing compound (C) is insufficient, the curing of the composition is insufficient, whereas when the amount of the 
thiol-group-containing compound (C) is excessive, properties such as the water resistance and the mechanical prop- 
erties, may decrease. 

35 [0040] The transparent polymer (D) which is soluble in a solvent or an aqueous alkaline solution used in the present 
invention is a polymer with high transparency. Accordingly, a film formed of the polymer having a thickness of 1 nm 
preferably has a percent transmission of 80% or more, more preferably 95% or more within a visible range of 400 to 
700 nm, and the polymer can be dissolved in a developer (a solvent or an aqueous alkaline solution). Examples of the 
polymer include thermosetting resins, thermoplastic resins, and photosensitive resins. These polymers may be used 
alone or as a combination of two or more thereof. In a post-treatment process for producing a color filter, the polymer 
is treated at high temperature or with a variety of solvents and chemicals, and therefore, the transparent polymer (D) 
having excellent heat resistance and resistance to solvents and chemicals is preferably used. 

[0041] The compound (E) having ethylenic unsaturated bonds used in the present invention may be a compound 
which can undergo radical polymerization (or cross-linking) and is typically called a monomer or oligomer. Examples 
of suitable compounds include (meth)acrylic acid; (meth)acrylic acid esters such as methyl (meth)acrylate, butyl (meth) 
acrylate, benzyl (meth )acry late, 2-hydroxyethyl (meth )acry late, and 2-hydroxy propyl (meth)acrylate; ethylene glycol di 
(meth)acrylate; pentaerythritol tri(meth)acrylate; styrene; divinylbenzene; ( meth )acry lam ide; vinyl acetate; N-hy- 
droxymethyl(meth)acrylamide; dipentaerythritol hexaacrylate; melamine acrylate; and an epoxy acrylate pre-polymer. 
Considering exposure sensitivity and resistance to a variety of phenomena after curing, multifunctional (meth)acrylic 
50 monomers are preferably used. 

[0042] As used herein, the term "(meth)acryl n refers to both "methacryr and "aery!" 

[0043] Widely used hues of color filters include additive color mixing types such as red, green, and blue; subtractive 
color mixing types such as cyan, magenta, and yellow; and black used in a black matrix portion. Coloring agents include 
dyes and pigments, but pigments are used in the present invention considering heat-resistance and photo-resistance 
as described above. In order to obtain suitable spectra, two or more pigments are used in combination. For example, 
a blue spectrum is obtained from the combination of a cyan pigment and a violet pigment; a green spectrum is obtained 
from the combination of a blue pigment and a yellow pigment; and a red spectrum is obtained from the combination 
of a red pigment and a yellow or an orange pigment. 



20 



25 



30 



40 



45 



55 



BNSDOCID: <EP 1031579A2J_> 



EP 1 031 579 A2 



C. I. Pigmcn! Orange 36. 43. 5,. 55. 59. 61. C. I. Pigment Had 9, 97 122 , 23 1« e m 2' £' J« J« 
m« fn m e 0 ^„LS„T^ ' ' 0me ™ B ' 0,,n » ». » C. I. RgM Back 7. ana Titanium Black 

d ! two oTmo re S ' 3 cyclohexanone. These solvents may be used alone or as a combination 

[0046] The photosensitive col6ring composition is produced by use of any of a variety of means for disoersion such 
as a three-roll m.ll. a two-roll mill, a sand mill, an attrttion mill, a ball mill, a kneader and T pain. shaker n ordeMo 
prevent gelation attributed to polymerization during the dispersion process, a polymerSon^hiLito^ may bV^ed 
« JZZ Tl T 5" P hoto P ol X meri2at ^ initiator may be added after dispersion of the pigmem FurthemSe S 
order to fac.l.tate the dispersion of the pigment, an appropriate dispersing aid may be added Since a i aW 
faeces d,s P ers,on and prevents re-aggregation of the pigment, a color filter of excellent transparency Tan Te'pro 

[0047] In general, the color filter of the present invention is produced by applying the photosensitive colorina com 

ESS ? PreS f nt inVen,i ° n '° 3 ,ranSParent SUbStrate SUCh aS a 9.as s y suostra«e 9 , aX^^TZo^ 
through exposure. In general, the color filter is produced by the following steps: composition 

in a first step, a photosensitive color resin layer is formed on a transparent substrate 

!n I ,hl C H°r, d 'In photosensitive resin ^ exposed patternwise via a pattern mask having a specific pattern- 
retan^ 

a fourth rr?H , P , t reSm ,3yer SerVin9 38 3 piXel layer on the transparent substrate; and 

in a fourth step the transparent substrate on which a pixel layer is formed is baked (post-baked) after completion 

method so long as the photosensitive coloring composition of the present invention is used. 

fSS .nTne r f r St S c^ PS t ,0r P L° < . UCin9 3 CO, ° r fNter iR ,hG PreSent inVention wi " next be desc "bed in detail. 

?k k P ' pno,osenslt,ve col °™9 composition is applied to a transparent substrate such as a qlass 
fmoart ti ST?, naCOa,,n9 r* 1 ^ SUCh 38 spra y- coa « n 9- spin-coating, roll-coating, or screen-coa,^ in orde to 
rZllS nr C ? 3 aPPara,US ' photose " srtive motoring composition may contain, in addition 

ImnnnT t , eXtender P ' 9ments Sucn 33 barium sulfate ' carbonate, and silica and a small 

toTZmi^i ^ ° r fluorine - t y pe surfactants serving as leveling agents or defoaming agents. TnTappHed p^o 

^eT^eo^ZT^ ma , V ^ typiCa " y * 30 10 100 ° C tor 1 0 '° ^° ^"es s asTo remove 
Tonn nil? T b . lower - e 9 u,pped oven or a hot plate. When the temperature is very high or the drying time is veil 

52^^2ZS2L° r Cr T ,inkin9 ^ ° CeUr the * Unexposad portions to aUSper may 

aecrease, which disadvantageously causes poor development 

£ ^ ^n 0 ^ StSP ' th£> pnotosensitive resin layer obtained in the first step is irradiated with a UV beam via a 
photomask typically having a color filter pattern. A light source such as an ultraiigh-pressure Hg temp o^a m e" 

nm or IT V'T* ^ UV PaSSing thrOU 9 h ,ne photomask **** has a .waving , o7S>0 

nm or more three types of rays included in the bright line spectrum of the ultra-high-pressure Hg .amp i e i rav (Ss 

■ELM? ( T 9 ' ray (436 nm) ' arS USSd ,0f P^merization or cross 'inking. ThBnlS^^t^ 
Sll tl??, P ° r,ant Wh6n pho,oser1sitive coloring composition is used in forming a cotor FHtlr 

[0051] In the third step, the exposed photosensitive resin layer obtained in the second step is developed with a weak 

a ptxe,C ' " " UneXP ° Sed (UnCUfed) POrtton °' photosensi ^ e — ^ ■ ' «mS2S 1 to pro^de 

He to^^fin ^ pjxel la y e r ,ormed transparent substrate obtained in the third step is post-baked at 160 
r°««! 60 minu,es - to thereby obtain a pixel layer of a first color 

[0053] Beyond the first color, color fitters of a variety of colors are produced by repeating the above four steps. 
EXAMPLES 

[0054] The present invention will next be described by way of examples. In the examples, the term "parts" refers to 
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parts by weight, and refers to "wt.%." In addition, the prepared photosensitive coloring composition will be referred 
toas resist for convenience of description. In the examples, a alkali-development-type black resist produced by means 
of a pigment dispersion method, which is widely employed as a method for producing a color filter for a color liquid 
crystal display at the present time, will be described. Prior to the examples, an example synthesis of an aqueous 
alkaline solution-soluble resin will be described. 

Production Example of Resin Solution 1 

[0055] Cyclohexanone (350 parts), styrene (26 parts), 2-hydroxy ethyl acrylate (23 parts), methacrylic acid (35 parts) 
^ e Q ^T^ aCry,ate (21 PartS) ' and bUtyl methacr y ,a <e (70 parts) were charged into a 1 -liter four-neck flask and heated 
to 90 C Independently, cyclohexanone (290 parts), styrene (26 parts), 2-hydroxyethyl acrylate (23 parts), methacrylic 
acid (35 parts), methyl methacrylate (21 parts), butyl methacrylate (70 parts), and azobisisobutyronitrile (1 75 parts) 
were mixed to prepare a solution. The thus-prepared solution was added dropwise to the above reaction mixture over 
a three-hour period. The resultant mixture was further allowed to react for three hours at 90°C. Subsequently a solution 
of azobisisobutyronitrile (0.75 parts) in cyclohexanone (10 parts) was further added thereto, and the mixture was al- 
lowed to react for one hour, to thereby synthesize a resin solution. A portion of the solution was sampled and heated 
at 180*C for 20 minutes for drying, to thereby quantitatively determine non-volatile component content Based on the 
measurement, cyclohexanone was added to the synthesized resin solution so as to adjust the content of non-volatile 
component to 20%. Thus, Resin Solution 1 was prepared. 

Production Example of Resin Solution 2 

[0056] Cyclohexanone (350 parts), styrene (26 parts), 2-hydroxyethyl acrylate (44 parts), acrylic acid (35 parts) and 
butyl methacrylate (70 parts) were charged into a 1 -liter four-neck flask and heated to 90°C. Independently cyclohex- 
anone (290 parts), styrene (26 parts), 2-hydroxyethyl acrylate (44 parts), acrylic acid (35 parts), butyl methacrylate (70 
parts), and azobisisobutyronitrile (1 .75 parts) were mixed to prepare a solution. The thus-prepared solution was added 
dropwise to the above reaction mixture over a three-hour period. The resultant mixture was further allowed to react for 
three hours at 90°C. Subsequently, a solution of azobisisobutyronitrile (0.75 parts) in cyclohexanone (10 parts) was 
further added thereto, and the mixture was allowed to react for one hour, to thereby synthesize a resin solution There- 
after, the temperature in the flask was cooled to 80°C, and a solution of isocyanate ethyl methacrylate (24 parts) and 
tin octylate (0.11 parts) in cyclohexanone (20 parts) was further added dropwise thereto over 10 minutes and the 
mixture was allowed to react for 20 minutes, to thereby synthesize a resin solution. In the same manner as for Resin 
Solution 1 . cyclohexanone was added to the synthesized resin solution, to thereby prepare Resin Solution 2 havinq a 
non -volatile component content of 20%. 

Examples 1 to 20 

[0057] Preparation of a black resist 

40 Resin Solution 1 : 55 parts 

Special Black (which is manufactured by Degussa): 5.7 parts 
Dispersing agent: 0.29 parts 
Cyclohexanone: 7.8 parts 

45 [0058] The above components were mixed, and dispersed by use of a paint shaker for 24 hours, to thereby prepare 
a black dispersion. Next, the following components: 

Black dispersion: 54.15 parts 

NK Ester ATMPT (which is manufactured by Shin-Nakamura Chemical 
50 Co., Ltd.): 4.85 parts 

Sensitizer: 0.7-1.8 parts 
Organic boron complex: 0.9 parts 
Thiol compound: 0.9 parts 
Cyclohexanone: 39.0 parts 
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were sufficiently mixed in a vessel, and the resultant mixture was filtered through a 1 .0-u.m filter, to thereby prepare a 
black resist having a non-volatile component content of about 20% 

[0059] Combinations of the sensitizer, organic boron complex, and thiol compound and the proportions of compo- 
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Organic Boron Complex 
(0.9 parts) 


Tetrabutylammonium butyltriphenylborate 


Tetrabutylammonium butyltri(4- 
methylnaphthyl)borate 


Tetrabutylammonium methyltri(4-methyl- 
naphthyl)borate 


Tetrabutylammonium methyltri(4-methyl- 
naphthyl)borate 


Tetrabutylammonium methyltri(4-methyl- 
naphthyl)borate 


! I etrabutylammonium methyltri(4-raethyl- 
naphthyl)borate 


Tetrabutylammonium methyltri(4-methyl- 
naphthyl)borate 


Tetrabutylammonium methyltri(4-methyl- 
naphthyl)borate 


Tetrabutylammonium methyltri(4-methyl- 
naphthyl)borate 


Sensitizer 
(0.7-1.8 parts) 


Basic Yellow 21 (0.3 parts) 
Ethyl Michler's ketone (0.4 parts) 
HABI (1.0 part) 


Basic Yellow 21 (0.3 parts) 
Ethyl Michler's ketone (0.4 parts) 
HABI (1.0 part) 


basic Yellow 21 (0.3 parts) 
Ethyl Michler's ketone (0.4 parts) 
HABI (1.0 part) 


sasic yenow i\ (UJ parts) 
Ethyl Michler's ketone (0.4 parts) 
HABI (1.0 part) 


basic Yellow 21 (0.3 parts) 
HABI (1.0 part) 


bthyl Michler's ketone (0.3 parts) 
HABI (1.0 part) 


Ethyl Michler's ketone (0.4 parts) 
HABI (l. Opart) 


basic Yellow 13 (0.3 parts) 
Ethyl Michler's ketone (0.4 parts) 
HABI (1.0 part) 


basic Yellow 21 (UJ parts) 
Ethyl Michler's ketone (0.3 parts) 
Benzophenone (0.2 parts) 
HABI (1.0 part) 
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Comparative Example 



[0060] The following components: 



The above black dispersion: 54.15 parts 

NK Ester ATMPT (which is manufactured by Shin-Nakamura Chemical 
Co., Ltd.): 4.85 parts 

2-(4-Methoxyphenyl)-4,6-bis(trichloromethyl)-s-tria2ine: 2 parts 
Cyclohexanone: 39.0 parts 

were sufficiently mixed in a vessel, and the resultant mixture was filtered through a 1.0-um filter, to thereby prepare a 
black resist having a non-volatile component content of about 20%, to serve as a comparative example. 
[0061] In order to measure the spectral sensitivity of the resists obtained, each resist was applied to a glass plate 
(100 mm x 100 mm) by use of a spin-coater so as to obtain a film having a dry thickness of 1 .4 urn and was dried at 
70°C for 20 minutes in a blower-equipped oven. The resist was irradiated with a beam generated from a spectral 
irradiator (JASCO Model CT-25CP, manufactured by Nihonbunko). An ultra-high-pressure Hg lamp was used as a light 
source. After completion of exposure, the substrate was immersed in a 1 % aqueous solution of sodium carbonate for 
approximately 60 seconds for development, washed in a water stream, and heated at 220°C for 30 minutes, to thereby 
obtain a spectral photograph. In Table 3, the step tablet numbers at which the cured composition remained after de- 
velopment are shown for the cases of exposure to i-ray (365 nm), h-ray (405 nm), and g-ray (436 nm), respectively. 
The relationship between the step and light intensity is shown in the following Table 2. Briefly, the greater the number 
of the step, the higher the sensitivity. 
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The results are shown in Table 3. 
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Example No. 
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S n fhITf, . 6 feSUl,S in Tab ' e 3 ' 3CCOrdin9 10 ,he Dresent inven,io ". a Photosensitive coloring com- 
h ' 9h 'TIP' Ca 1 bS ° btained Wi,h ° Ut f ° rmati0n ° f an oxygen-shielding film. Therefore, steps in a pToSTs 
^ £ EST COlorf " ter 11 can be reduced - and «*" auction is attained due to enhancement of productivity In adXn 
a color filter having excellent resistance can be obtained ""ucuvny. in aaomon, 

[0063] While the invention has been described in detail and with reference to specific embodiments thereof it will 
Claims 

1 . A photopolymerization initiator for producing a color filter characterized by comprising. 

a sensitizer (A) which absorbs light having a wavelength of 300 to 500 nm 
an organic boron complex (B) represented by formula (1): 

R2 



Rl- 



-B— R3 
R4 



(1) 



TZ * h t . ' ■ * represents an alk V 9roup. an aryl group, an aralky. group, an alkenyl 
group, a heterocyclic group, or an alicyclic group; and Z* represents an ammonium cation a sulfonium cation 
an oxosulfomum cat.on, a pyridinium cation, a phosphonium cation, an oxonium cation, or an iodonium cation'; 

a thiol-group-containing compound (C). 
The photopolymerization initiator according to claim 1 , wherein the thiol-group-containing compound (C) is at least 
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one member selected from the group consisting of 2-mercaptobenzothiazole, trimethylolpropane tris(2-mercap- 
toacetate). trimethylolpropane tris(3-mercaptopropionate). pentaerythritol tetrakis(2-mercaptoacetate), and pen- 
taerythritol tetrakis(3-mercaptopropionate). 

3. The photopolymerization initiator according to claim 1 or 2, wherein the sensitizer (A) contains a benzophenone 
compound, a biimidazole compound or a mixture thereof. 

4. A photosensitive coloring composition for producing a color filter, which comprising: 

a transparent polymer (D) soluble in a solvent or an aqueous alkaline solution; 
a compound having an ethylenic unsaturated bond (E); 
a pigment (F); and 

a polymerization initiator according to any one of claims 1 to 3. 

5. A color filter having pixels formed on a transparent substrate by use of the photosensitive coloring composition 
according to claim 4. 

6. A method for producing a color filter comprising the steps of; 

forming a layer of the photosensitive coloring composition according to claim 4 on a transparent substrate; and 
photocuring an exposed portions of the layer of the photosensitive coloring composition. 

7. The photopolymerization initiator according to claim 1 , wherein, based on the compound having an ethylenic un- 
saturated bond, the sensitizer (A) is in an amount of 1 to 60% by weight, an organic boron complex (B) is in an 
amount of 1 to 60% by weight, and a thiol-group-containing compound (C) is in an amount of 1 to 60% by weight. 

8. The photopolymerization initiator according to claim 1 , wherein the organic boron complex (B) is used in an amount 
of 5 to 500% by weight, based on the sensitizer (A) and the thiol-group-containing compound (C) is used in an 
amount of 10 to 500% by weight, based on the organic boron complex (B). 

9. The^photopolymerization initiator according to claim 1 , wherein the organic boron complex (B) is used from 20 to 
300% by weight, based on the sensitizer (A) and the thiol-group-containing compound (C) is used from 50 to 200% 
by weight, based on the organic boron complex (B). 



40 



45 



50 



55 



BNSDOCID: <EP 1031579A2_I_> 



13 



(19) 



J 




Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 031 579 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

06.12.2000 Bulletin 2000/49 

(43) Date of publication A2: 

30.08.2000 Bulletin 2000/35 

(21) Application number: 00103990.8 

(22) Date of fifing: 25.02.2000 



(51) mt ci 7: C08F 2/50, G03F 7/029, 
G03F 7/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 26.02.1999 JP 4974299 
04.05.1999 US 132449 P 

(71) Applicant: SHOWA DENKO KABUSHIKI KAISHA 
Minato-ku, Tokyo (JP) 



(72) Inventors: 

• Katoh, Tsuyoshi, c/o Showa Denko K.K. 
Cent. Res. Lab 

Kawasaki-shi, Kanagawa-ken (JP) 

• Ogata, Tomonari, c/o Showa Denko K.K. 
Cent. Res. Lab 

Kawasaki-shi, Kanagawa-ken (JP) 

(74) Representative: Strehl Schubel-Hopf & Partner 
Maximilianstrasse 54 
80538 Munchen (DE) 



(54) Photopolymerization initiator for color filter, photosensitive coloring composition, and color 
filter 



(57) A photopolymerization initiator for producing a 
color filter including a sensitizer (A) which absorbs light 
having a wavelength of 300 to 500 nm, an organic boron 
complex (B), and a thiol-group-containing compound 
(C); a photosensitive coloring composition including a 
transparent polymer (D) which is soluble to a solvent or 



an aqueous alkaline solution, a compound having eth- 
ylene unsaturated bonds (E), a pigment (F), and the 
photopolymerization initiator; a color filter having a pixel 
formed by use of the coloring composition on a trans-" 
parent substrate; and a method for producing the color 
filter. 



CO 
< 

in 

CO 

o 



Q. 

LU 



Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID: <EP 1031579A3_I_> 



# 



EP 1 031 579 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 10 3990 



DOCUMENTS CONSIDERED TO BE RELEVANT 



I Category 



P,X 



8 

if 

S 



Citation of document with indication, where apDrooriate 
of relevant passages 



EP 0 889 362 A (SH0WA DENK0 KK) 
7 January 1999 (1999-01-Q7) 

* page 8, line 13 - line 18 * 

* claims * 

EP 0 900 800 A (SH0WA DENK0 KK) 
10 March 1999 (1999-03-10) 

* claims 1,6-16 * 

EP 0 879 829 A (SHOWA DENKO KK) 
25 November 1998 (1998-11-25) 

* example 3 * 

LI ET AL: 

"4-(4' -dimethyl ami nostyryl )benzophenone/di 
phenyl lodoni urn salt - a new kind of 
electron transfer photosensi ti zati on 
ruri?? A r°^c?^^] Photopol ymer i zat i on ■ 

c c H H i!s;tSff Ts c; L K ES ' us ' ,u,E8ICA " 

vol . 121, no. 18, 

ISsS^SSig (1 " 4 - 10 - 31 >' XP002139194 
* abstract * 



Relevant 
to claim 



1-4 



1-4 



1-3,7-9 



1-3 



GB 2 307 474 A (CIBA GEIGY AG) 
28 May 1997 (1997-05-28) 

* page 28, line 19 - line 26 * 

* claims 1,16,17 * 

DE 44 43 780 A (FUJI PHOTO FILM CO LTD) 
14 June 1995 (1995-06-14) 

* the whole document * 



CLASSIFICATION OF THE 
APPLICATION (lnLCt7) 



C08F2/50 

G03F7/029 

G03F7/00 



TECHNICAL FIELDS 
SEARCHED <,nLCL7) 



C08F 
G03F 



US 5 622 794 A (SATO M0RIMASA 
22 April 1997 (1997-04-22) 
* the whole document * 



ET AL) 



1-3 



4-6 



4-6 



The present se arch report has been drawn up for all claims 

Place of search 

THE HAGUE 



Oate at completion of mo soetch 



CATEGORY OF CITED DOCUMENTS 



12 October 2000 



Examine 

Pollio, M 



X : particularly relevant if taken alone 
Y ; particularly relevant it combined with another 
2 I document of the same category* 

SI A : (echnoJoojcaJ background 

O : non-written dsctasure 
2 j P : intermediate document 



I : frieof Y or principle undertying the invention 
: patent document, but pubfished on or 

after the filing date 
O : document cited In the application 
L : document cited for other reasons 



& TcS^Zx^ Sam ° ***** c ^^on-*>9 



iSDOCID: <EP 1031579A3_L> 



2 



EP 1 031 579 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 10 3990 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned Eurooean search reoort 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

12-10-2000 



Patent rlrx-i imont 


ruDiicauon 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


EP 0889362 A 


07-01-1999 


JP 


11072915 A 


16-03-1999 





. 


US 


6033829 A 


07-03-2000 


EP 0900800 A 


10-03-1999 


JP 2000086670 A 


28-03-2000 


EP 0879829 A 


25-11-1998 


JP 


10316708 A 


02-12-1998 












PD O O ft 1 A "7 A A 

bB 2307474 A 


28-05-1997 


US 


5952152 A 


14-09-1999 






AT 


406775 B 


25-08-2000 






AT 


204096 A 


15-01-2000 






AU 


717137 B 


16-03-2000 






AU 


7179596 A 


29-05-1997 






BE 


1010761 A 


05-01-1999 






BR 


9605697 A 


18-08-1998 






CA 


2191050 A 


25-05-1997 






CN 


1158854 A 


10-09-1997 






DE 


19648313 A 


28-05-1997 






ES 


2126499 A 


16-03-1999 






FR 


2741622 A 


30-05-1997 






IT 


MI962438 A 


22-05-1998 






JP 


9188685 A 


22-07-1997 






NL 


1004597 C 


07-01-1998 






NL 


1004597 A 


27-05-1997 






SG 


43445 A 


17-10-1997 


DE 4443780 A 


14-06-1995 


JP 


7159991 A 


23-06-1995 






US 


5622794 A 


22-04-1997 


US 5622794 A 


22-04-1997 


JP 


7159991 A 


23-06-1995 






0E 


4443780 A 


14-06-1995 





For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



BNSDOCID: <EP 1031579A3_L> 



